Honey composition and color depend greatly on the botanical and geographical origin. Water content, water activity and color of 50 declared acacia samples, collected from three different geographical zones of Romania, together with chromatographic determination of sugar spectrum were analyzed. A number of 79 volatile compounds from the classes of: Alcohols, aldehydes, esters, ketones, sulphur compounds, aliphatic hydrocarbons, nitrogen compounds, carboxylic acids, aromatic acids and ethers were identified by solid-phase micro-extraction and gas-chromatography mass spectrometry. The overall volatile profile and sugar spectrum of the investigated honey samples allow the differentiation of geographical origin for the acacia honey samples subjected to analysis. The statistical models of the chromatic determination, physicochemical parameters and volatile profile was optimal to characterize the honey samples and group them into three geographical origins, even they belong to the same botanical origin.
Introduction
Nutritional value of honey [1] is due to the chemical composition of simple sugars and all the substances (vitamins, enzymes, minerals, free amino-acids, phenolic and volatile organic compounds-VOCs), that have been described in many studies made over the time [2] [3] [4] [5] .
The bioactive properties of honey are related to the botanical and geographical origin, being influenced mainly by the plants from where the bees collect the nectar, and thus by the place where these plants grow [2, [5] [6] [7] [8] [9] . When talking about botanical origin, honey may be classified as floral (derived from nectar of melliferous plants) or non-floral (honeydew) (derived from sweet substances released by aphids on different plant parts which bees collect and transform similarly to floral nectar). Botanical and geographical authentication of honey is a market feature, and for this reason different ps and specialized laboratories have established a list of methods and for the correct classification of honey samples. aracterized by a required percentage of specific pollen, different in ging between 10 and 20% (orange honey) to 70-90% for eucalyptus he monoflorality of honey have also economic importance, because nd pollen belonging predominantly to a certain species, may have epers have higher incomes obtained from its marketing. alysis may cause classification problems, due to the fact that certain in pollen (lavender, citrus) and additional analysis are needed to y decision. These analysis may be physico-chemical [14, 15] , matographic techniques for possible markers determination (sugars, . y volatile organic compounds coming from plant nectar, developed tic pathways, thus is closely related to botanical origin [20] . vor constituents may come from the bees in the enzymatic process of oney [20] . ile compounds are reported in honey, the main classes being: furans, terpenes, nor-isoprenoids, acids and pyrene derivatives [9, 19, 20, 22] . rms and a very rich flora, Romania have the possibility to produce onofloral (acacia, linden, rape, sunflower, raspberry, heather, mint, , meadow) and last but not least honeydew honey [5, 14, 16, 21, [23] [24] [25] [26] . es were studied until now [21, 27, 28] , but the comparative analysis of declared honey, from different geographical origins of Romania, was n purpose of the present study was to assess the volatile composition ent in acacia samples from different geographical regions of Romania, traction; gas chromatography, mass spectrometry (SPME/GC/MS) mical methods used in honey analysis are mainly used for quality ke electrical conductivity and sugar spectrum determination, may be hical origin determination.
ctive of this study, the strategy was to collect honey samples from n order to study the typicity of Robinia pseudoacacia honey from s were collected directly from beekeepers; the selection was made in gions with different pedological characteristics (diverse landforms, d concentrically arranged around Transylvania Plateau), and climate regional climatic variation due to the variated topography), with acia trees as nectar sources. Zone 1 was represented by Transilvania Harghita, Mures and Satu Mare counties), Zone 2 was the southern olj, Giurgiu, Teleorman and V ȃ lcea counties) and Zone 3 were ania (Bacău, Botoşani, Buzău, Galaţi, Suceava, Tulcea and Vaslui were kept in glass jars, at 4 °C, in dark places until analysis. \^a lcea counties) and Zone 3 were mainly eastern part of Romania (Bacău, Botoşani, Buzău, Galaţi, Suceava, Tulcea and Vaslui counties) ( Figure 1 ). Samples were kept in glass jars, at 4 • C, in dark places until analysis. 
Chemicals and Reagents
All chemicals and reagents were analytically grade purity. Ultrapure water was made with MilliQ Integral SG Wasseraufbreitung (Darmstadt, Germany). Sigma Aldrich (Steinheim, Germany) provided fructose, glucose, sucrose, maltose, isomaltose, trehalose and erlose. A mixture of homologues n-alkanes (C7-C30) (Sigma, Darmstadt, Germany) was used for gas chromatographic determinations of VOCs.
Physico-Chemical Analysis
Selective physicochemical parameters were determined according to Romanian standard [29] and Harmonized Methods of International Honey Commission [30] . Water content was determined refractometrically (Abbe digital refractometer, WYA-S, Selecta, km. 585, ABRERA Barcelona, Spain) Spain). The respective content was expressed as mg/100 g; the water activity was measured using a water activity meter Decagon, AquaLab CX-3 (Pullman, WA, USA). Measuring cells were placed minimul 2 h into a thermostatated chambre "Zanotti" type at 20 °C and measured afterwards. Equipment etalonation was made by measuring distilled water activity (aw = 1.000 ± 0.003 La 20 °C) and a standard of lithium chloride (aw 0.120 ± 0.003 La 20 °C). Color has been determined using refractrometric method in uniform color space CIELAB (Supplementary Figure S1 ), where any color may be specified by using rectangular coordinates L*, a*, b*. Axes a* and b* represent color tonality, and L* axis represent the luminosity.
Measurement principle is placing the sample in a three-dimensional space, in a position in three-axis rapping as follows: L* which place the sample on the axis that has black and white; a* which place the sample on the axis that has green and red; b* which place the sample on the axis that has blue and green. 
Chemicals and Reagents
All chemicals and reagents were analytically grade purity. Ultrapure water was made with MilliQ Integral SG Wasseraufbreitung (Darmstadt, Germany). Sigma Aldrich (Steinheim, Germany) provided fructose, glucose, sucrose, maltose, isomaltose, trehalose and erlose. A mixture of homologues n-alkanes (C 7 -C 30 ) (Sigma, Darmstadt, Germany) was used for gas chromatographic determinations of VOCs.
Physico-Chemical Analysis
Selective physicochemical parameters were determined according to Romanian standard [29] and Harmonized Methods of International Honey Commission [30] . Water content was determined refractometrically (Abbe digital refractometer, WYA-S, Selecta, km. 585, ABRERA Barcelona, Spain) Spain). The respective content was expressed as mg/100 g; the water activity was measured using a water activity meter Decagon, AquaLab CX-3 (Pullman, WA, USA). Measuring cells were placed minimul 2 h into a thermostatated chambre "Zanotti" type at 20 • C and measured afterwards. Equipment etalonation was made by measuring distilled water activity (a w = 1.000 ± 0.003 La 20 • C) and a standard of lithium chloride (a w 0.120 ± 0.003 La 20 • C). Color has been determined using refractrometric method in uniform color space CIELAB (Supplementary Figure S1 ), where any color may be specified by using rectangular coordinates L*, a*, b*. Axes a* and b* represent color tonality, and L* axis represent the luminosity.
Measurement principle is placing the sample in a three-dimensional space, in a position in three-axis rapping as follows: L* which place the sample on the axis that has black and white; a* which place the sample on the axis that has green and red; b* which place the sample on the axis that has blue and green. The HPLC analysis of the carbohydrates is carried out on a modified Alltima Amino 100Å stainless steel column (Hicrom, Berkshire, UK) (4.6 mm diameter, 250 mm length, particle size 5 µm) following IHC method modified in APHIS-DIA Laboratory [16] . The SHIMADZU instrument (LC-10AD VP model, Shimadzu, Kyoto, Japan) was equipped with degasser, two pumps, autosampler, thermostat oven, controller and refractive index detector. The injection volume was 10 µL and the flow rate 1.3 mL/min. The mobile phase is a solution of HPLC purity acetonitrile and ultrapure water (80/20 v/v). Briefly, 5 g of honey were dissolved in water (40 mL) and transferred quantitatively into a 50 mL volumetric flask, containing 25 mL methanol HPLC grade purity and filled up to the mark with water. The solution was filtered through a 0.45 µm membrane filter, collected in sample vials and placed in autosampler for analysis. For the quantification of main sugars, different calibration curves in the range 50-0.25 g/100 g (fructose 50-20 g/100 g; glucose 10-40 g/100 g; sucrose 0.3-15 g/100 g; turanose, maltose, isomaltose, erlose 0.25-5 g/100 g), with regression coefficients (R 2 ) higher of 0.998 were obtained. The results are expressed in g/100 g honey.
Solid-Phase Microextraction and GC-MS Analysis
For the evaluation of the VOC profile in honey, a SPME automatic support was used, equipped with a fiber type 50/30 divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS) (Supelco, Bellefonte, PA, USA). Thus, 4 g of each honey sample in a 30 mL headspace vial, sealed afterwards with a screwed cap with PTFE/silicon septa. Samples were homogenized and heated to 40 • C for 30 min. After equilibration, the fiber was introduced into the vial headspace through the septum and exposed to the sample for 30 min.
Volatile analyses were performed using a GC Agilent 7890A system (Wilmington, DE, USA) with injectors both with and without mobile phase flux dividers and an AGILENT 5675C inert XLEO/CI MSD mass spectrometry with a triple-axis detector. The SPME fiber was desorbed at 250 • C for 5 min without dividing of the mobile phase. The separation of VOC was performed on a Hewlett-Packard SP-5-DBWAX (30 m × 0.25 mm i.d. and 0.25 µm film thickness) (Bellefonte, PA, USA).
The column temperature was maintained in the column oven following the gradient: the initial temperature of 35 • C was kept constant for 5 min, raised with 3 • C/min until it reached 50 • C. After this, it raised with 5 • C/min until 180 • C, with 6 • C/min up to 250 • C and held at this value for 10 min. The temperatures of the injector and detector were set at 250 • C and 230 • C, respectively. Helium was used as carrier gas (>90% purity).
Data Analysis
The identification of the compounds was made by retention time and by comparing the mass spectra obtained with standard mass spectra from the "Pal 600" spectra library. Also, the retention indices (RI) were calculated by injecting a mixture of homologues n-alkanes (C7-C30) under the same chromatographic conditions (Sigma, Darmstadt, Germany) [31] . Furthermore, the indices calculated for the selected compounds were compared with the literature data (www.pherobase.com). For a better quantification of the results, the method of normalization area was used, each compound's concentration being calculated according to the following expression:
where: A x : The compounds surface, ΣA i : The sum of all identified compound's surface.
Statistical Analysis
Physico-chemical analysis were performed in triplicate, data being expressed as mean ± SD. Differences between means were determined using one-way ANOVA test (IBM SPSS Statistics for Windows, Version 25.0, IBM Corp., Armonk, NY, USA). Variance analysis, ANOVA, calculates the ratio between the variation caused by intergroup and intragroup differences and establishes whether this ratio is large enough in order to distinguish the groups.
Results and Discussion

Physicochemical Parameter Values for Acacia Honeys
Acacia honey in general has a low water content [14, [32] [33] [34] [35] , which can be observed also in this study. The values obtained are within the limits pertaining to the honeys found in the temperate climate, especially in Europe.
In order to carry out a primary interpretation of the data obtained for this parameter and to have a clear image of its variability in accordance with the geographical origin, a box plot graph of these values was constructed for each zone. The box plot diagram summarizes the charts for the five values specific to their spread in each Zone (the minimum, the first quartile, the median, the third quartile and the maximum) and the extreme values. In this chart, one can observe a central line for each box plot, representing the median of the values measured for each zone. If the median is closer to the lower margin, the value spread leans towards the left, and if it is closer to the higher margin, the spread leans towards the right. For Zone 1, the maximum of the median was found to be 16.704, for Zone 2, 17.416, and for Zone 3, the median value was 17.088. The box plot shows 50% of the values, and its size shows result variability. The horizontal lines above and below the box are traced from between the minimum and the maximum for each zone, so that the minimum values are 15.4, 15.8 and 17.1 for zones 1, 2, 3, respectively. The extreme values are placed outside the box plot and are marked with "*", accompanied by the sample number. In the case of water content determination, two extreme values have been found, samples S15 (belonging to Zone 1) and S25 (Zone 2) (Supplementary Figure S2) .
The values obtained for water activity ranged between 0.540 (S51, Zone 1) and 0.690 (S25, Zone 2) ( Table 1) .
A water activity value of 0.562 was recorded for Slovakian acacia honey [36] , 0.490 for Czech honey [33] and 0.81 for Romanian honey [37] .
The Table 2) were between 50.19 and 62.70, and the average obtained after measuring all the samples was 58.96. These values are in accordance with those measured by Bertoncelj et al. [38] for Slovenian honey (64.4), some Spanish honeys (51.62-56.11) [38] but are much higher than those found for Slovakian honey (11.29) [36] and other Romanian acacia honeys (48.96) [37] .
The value for parameter a* ( Table 2 ) lies between -1.28 and 5.80. The average obtained by the measuring of all the samples was 0.08 ± 1.12. A wide distribution can be observed when determining this parameter, as samples were situated in the green Zone (negative a*), as well as in the red Zone (positive a*). Only positive values were found for this parameter by Kasperová et al. (4.07) [35] in the case of Slovakian honey, Romanian honey [37] , whereas Bertoncelj et al. [38] found only negative values for Slovenian acacia honey (−2.82), as well as Karabagias et al. [8] for Portuguese honey. As it can be observed in Table 2 , the positive and negative values obtained for this parameter cannot be linked to geographical origin or with the sample year of harvest. Each Zone has shown both negative and positive values. The same characteristic presented Spanish honey [39] . As for b* parameter values (Table 2) , the recorded minimum was 6.23, and the maximum 30.41. The measurement average for all zones was 15.70. Despite the fact that the Zone between the minimum and maximum values of the b* parameter is relatively vast, the average obtained for acacia honey in correlated to the value found for Slovenian acacia honey [38] (17.95) and to that of Slovakian honey (14.66) [36] , but much higher than other Romanian acacia honeys [37] .
The highest median value for the L* parameter was recorded in the case of the samples from Zone 1 (59.315), a value close to the one from Zone 3 (59.062), while the value for Zone 2 has shown the lowest value (58.177) . Variance values are higher than one and show a greater degree of variation. The results of the ANOVA p = 0.5662 and F = 0.575 test show that there are no significant differences between samples when measuring this parameter. Thus, the samples are homogenous ( Table 3) .
The results obtained for each sugar are presented in Figure 2A , B. Each identified and quantified sugar was individually discussed, as the values obtained are extremely important to determine and authenticate the botanical origin of the honey samples. The results obtained for each sugar are presented in Figure 2A , B. Each identified and quantified sugar was individually discussed, as the values obtained are extremely important to determine and authenticate the botanical origin of the honey samples. As far as the glucose content is concerned, the values obtained for the 50 analyzed samples ranged between 22.32% and 43.71%. The mean value obtained for every zone was: 30.57 (Zone 1), 30.40 (Zone 2) and 30.37% (Zone 3).
Generally, acacia honey has an average glucose content of 26.3% [40] . Romanian acacia honey has values ranging from 30.87% [41] and 32.58% [14] . The results obtained by analyzing these samples fell within these limits and proved to be very similar to other acacia honeys in Europe [42, 43] .
The fructose content is a very important parameter in analyzing acacia honey. The fluid state of this type of honey is due to a high fructose content and implicitly to a higher than 1.2 fructose/glucose ratio. The results obtained following the HPLC analysis of fructose in the honey samples ( Figure 2A ) ranged between 33.80% and 48.16%. The mean value of the fructose content for each zone was: 43.55 (Zone 1), As far as the glucose content is concerned, the values obtained for the 50 analyzed samples ranged between 22.32% and 43.71%. The mean value obtained for every Zone was: 30.57 (Zone 1), 30.40 (Zone 2) and 30.37% (Zone 3).
The fructose content is a very important parameter in analyzing acacia honey. The fluid state of this type of honey is due to a high fructose content and implicitly to a higher than 1.2 fructose/glucose ratio. The results obtained following the HPLC analysis of fructose in the honey samples (Figure 2A ) ranged between 33.80% and 48.16%. The mean value of the fructose content for each Zone was: 43.55 (Zone 1), 43.58 (Zone 2) and 43.15% (Zone 3). While determining this parameter, we could observe the fact that only 5 samples out of 50 had a lower than 40% fructose content. Similar values were obtained in the case of other acacia honey samples from Romania [14, 41] or other acacia honey samples in Europe [42, 43] . As it has already been mentioned, the fructose/glucose ratio is very important in acacia honey analysis. Sabatini et al. [40] found about a 1.66 ± 0.14 ratio in the case of acacia honey. The results obtained following the HPLC analysis of individual carbohydrates in the analyzed samples highlight (with three exceptions) the supraunitary values of this ratio, while 50% of the samples showed a > 1.5 ratio.
Sucrose is a very important indicator of honey authenticity, as standards require a maximum of 5% in authentic honey. The samples analyzed have significantly lower values, under no suspicion of falsification. The values registered ranged between 0.0 and 5.51%, with an average value of 1.0% (mean of all zones) ( Figure 2B ). Only one sample had a concentration higher than 5% (sample S58, Zone 1). Some of the analyzed samples had a sucrose content that proved to be under the detection limit of the method and device (0.02%). The results obtained in this study confirmed earlier studies [41, [44] [45] [46] [47] .
The ANOVA analysis (the ratio between the variance produced by differences inside the groups and the variance produced by differences outside the group) shows that there are no statistic differences (p = 0.3010 > 0.05 and F = 1.23174 < F crit ) between the samples harvested from the three production zones.
Maltose is an important disaccharide found in honey with determined values ranging between 1.3% [40] , 1.9% [48] and 2.5% [49] or a medium value of 3.53% obtained by Mărghitaş et al. [14] for acacia honey in Romania (Transylvania). It is generally found in nectar honey and particularly in acacia honey.
The values obtained after analyzing the samples in this study varied between 0.68 and 4.16%. The ANOVA variance analysis shows that the value of p is lower than 0.05 (p = 0.012177), but F is bigger than F crit . (F = 4.848788 and F crit = 3.195056). Consequently, the hypothesis fails because there are significant differences between the samples.
Isomaltose is a disaccharide found in a relatively small quantity in honey, generally less than 1%. Depending on the carbohydrate determination method chosen (HPLC, GC or FTIR), but also on the botanical origin of honey, the quantity may differ, but remains low. The values obtained in the case of acacia honey varied between 0.14 and 0.79% and the mean value of the 50 samples was 0.39%. Similar values were obtained for the acacia honey in Italy [40] , other acacia honeys in Romania [14] or the honey in Poland [49] . However, it was easy to observe that this disaccharide presented values two times higher for the samples collected in geographical Zone 1 ( Figure 2B ). The two other zones presented similar values, although geographically they are very different (Zone 2 being located on the south-west of the country, while Zone 3 represents the eastern part of the country).
Turanose is a sugar found in small quantities in honey. The use of high performance liquid chromatography, gas chromatography or nuclear magnetic resonance, made it possible for this disaccharide to be found by different researchers in small quantities in Portuguese heather honey [50] , in Polish nectar honey [49] , in 5 types of Italian honey [51] , in Hungarian acacia honey [52] and in Turkish nectar and honeydew honey [53] .
Turanose was quantified between 0.38 and 2.77%, with an average of 2.08% in the acacia honey samples used in this study. These values are generally higher than the ones found by the aforementioned authors who have analyzed acacia honey, but similar to other honey types analyzed.
Erlose is a trisaccharide found in honey in different quantities, in accordance with its botanical origin. The studies conducted at the APHIS Laboratory (USAMV Cluj-Napoca) have shown a rather high concentration of erlose in acacia honey, compared to other honey types [41] .
Although Goldschmidt and Burckert [54] highlighted erlose as a honey component since 1955, many researchers did not report this trisaccharide when using high performance liquid chromatography as a determination method [49, 52, 55] . The values obtained for the analyzed honey samples ranged between 0.09 and 3.19%.
The glucidic spectrum analyzed by refractive index high performance liquid chromatography has shown the presence of seven saccharides specific to acacia honey. The samples fall between the limits established for this honey type, due to the high fructose content, >1.2 fructose/glucose (F/G) ratio, small sucrose content and higher than one maltose quantities [40, 42, 43] .
In conclusion, the glucidic spectrum for acacia honey was established, and carbohydrate concentrations, especially fructose and F/G ratio, which show high values for this honey type. In order to illustrate the correlations between carbohydrates and to determine which samples are outliers, a graphical representation was made for all carbohydrates, called a matrix plot (Figure 3) . illustrate the correlations between carbohydrates and to determine which samples are outliers, a graphical representation was made for all carbohydrates, called a matrix plot (Figure 3 ). 
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For Zone 1, the best correlation was established between ash content and color. Also, positive correlations were found between different sugars, 0.72 for turanose-maltose and 0.79 for saccharose-erlose. The most significant negative correlation found for Zone 1 was between water activity-color (−0.841).
For Zone 2, significant positive correlations were found between sugars, 0.93 for turanose-maltose and 0.90 for sucrose-erlose. The most significant negative correlation was identified between the color parameters L*-a* (−0.94).
For Zone 3, the best correlation was established between water content and water activity, 0.92. The negative correlation found for Zone 3 was between color parameters (−0.80). 
Volatile Compounds
The GC-MS analysis method is a combination of two analytical techniques: capillary column GC, which separates the components of a mixture and mass spectrometry (MS), which supplies the information necessary in the structural determination of each constituent. The results obtained following the SPME/GC-MS analysis is shown as chromatograms ( Supplementary Figure S3) . Their interpretation is achieved by identifying mass spectrum and the retention time. These two parameters significantly contribute to the identification of each volatile compound found in honey. Also, retention time has a determining role in many cases where the constituents show identical mass spectra. Following the SPME/GC-MS analysis, 79 constituents were identified the honey samples: 72 compounds samples from Transylvania (Zone 1), 57 compounds in samples from Southern Romania (Zone 2) and 66 compounds in samples from Eastern Romania (Zone 3). From all identified compounds, only 54 are common to all 50 samples. The chemotype changes from one region to another, and the difference is constituted by the 6 compounds found only in one region and 9 compounds in two of the regions.
The interpretation of the chromatograms is achieved using the "Data Analysis" program. The noise level is set to 50 for the x-coordinate and the program goes over the chromatogram signal by signal according to this ratio. Identification of the compounds is achieved by comparing standard mass spectra from the "Pal 600" spectra library. The surface is calculated following the "apexing mass" model, which means measuring the surfaces in its entire mass.
The next stage in the qualitative analysis is the calculation of the Kovats indexes. We have used this retention index in order to eliminate the relativity of the retention parameters by inserting some reference points in order to compare the retention times of chromatographic separation for each volatile compound found in honey. In this respect, a mixture of homologues n-alkanes (C 7 -C 30 ) was used under the same chromatographic conditions (Sigma, Darmstadt, Germany), whose retention indices showed values between 600 and 2200. The retention indices specific to each compound is calculated as follows: RI = 100 ((log tr i − log tr n )/(log tr n+1 − log tr n )),
where: RI: compound retention index, tr i : compound retention time, tr n : retention time of the adjacent and anterior alkane, tr n+1 : retention time of the adjacent and subsequent alkane. The expression of the retention index uses two reference points: the alkane with the same number of carbon atoms in its molecule (n) as the volatile compound identified as i, which will elute before the compound, and the second reference will be the alkane with n+1 carbon atoms in its molecule, which will elute after the i compound. Table 7 comparatively shows the retention indices calculated RI b and the retention indexes found in literature. RI a corresponds to each volatile compound found and the type of column used (polar column). The main bibliographical source used was the PHEROBASE database, which is one of the most comprehensive and up-to-date.
The main volatile compounds of acacia honey identified undoubtedly are: 3-methyl-3-buten-1-ol for Zone 1, ethanol, acetic acid, 5-ethenyldihydro-5-furanone for Zone 2, acetone, 3-methyl-3-buten-1-ol, trans-linalool oxide, benzemethanol for Zone 3. Among the secondary compounds identified in a percentage of 80-90% of the samples one can find:
Dimethyl sulfide, acetone, 3-hydroxy-2-butanone, linalool oxide, acetic acid, 2-furancarboxaldehyde, benzaldehyde, linalool L, ho-trienol, 4-ketoisophorone, epoxylinalool, benzenemethanol for Zone 1;
Dimethyl sulfide, acetone, 3-hydroxy-2-butanone, 2-methyl-2-buten-1-ol, nonanal, linalool, 2-furancarboxaldehyde, 5-methyl-2-furancarboxaldehyde, butanoic acid, epoxy-linalool, 3-hydroxy-2butanone, methylpentanoic acid, benzenethanol for Zone 2;
Dimethyl sulfide, ethanol, isoamyl alcohol, 2-methyl-2-buten-1-ol, cis-3-hexen-1-ol, linalool oxide, acetic acid, 2-furancarboxaldehyde, benzaldehyde, propanoic acid, hotrienol, butyrolactone, benzeneacetaldehyde, phenol for Zone 3.
Thus, once the qualitative analysis was completed, the volatile profile of the Romanian acacia honey was outlined. The results revealed that there is a remarkable influence of the production Zone on the volatile profile of the honey samples. Of all the identified compounds, only 56 are common to all the 50 samples. The chemotype changes from one region to another, and the difference resides in the 23 compounds found only in certain regions. The compounds found only in Zone 1 are: 2-butanol, 5-methyl-2-hexanone, 2-heptanone, octanal, 2,2-dymethyl propanoic acid, naphthalene, nonanoic and octanoic acids. The origin of these compounds can be either vegetal (nectar and poliniferous plants) or animal, products secreted by the bee. For example, octanol is found in Houttuynia cordata and in Lavandula angustifolia [56] . The 2-heptanone compound was identified in the secretion of bees by Shearer [57] , but it is also found in Artemisia dracunculus and Larrea tridentate [58, 59] . In regard to Zone 2, borneol and HMF compounds have been identified. Borneol is a monoterpenic compound found in medicinal plants [60] . Borneol is used as an additive in cosmetic products due to its analgesic and antibacterial effects [61] . The presence of the HMF compound is a hint towards honey freshness [62] . In Zone 3, pentanoic acid was found. Also, it was found that Zone 1 shows a volatile profile similar to Zone 3, a relevant example being the existing common compounds, beta-damascenone, hotrienol, benzyl nitrile, 2,5-furancarboxaldehyde. Out of these compounds, beta-damascenone was found in Ipomoea pes caprae with an antispastic effect [63] . Additionally, hotrienol was found to be a component of many honey varieties, and of essential oils of many plants. This compound was found to be specific to citrus, lavender, and mint honey [64] [65] [66] .
By using the peak area, it is possible to determine the percentage of each compound, compared to the total surface of the areas.
The calibration and concentration determination methods for volatile compounds are: Gauging of the calibration curve method (area normalization); Internal standard method [67] . For a better interpretation of the results, the first method was used, the concentration of each compound being calculated according to the following expression:
where: A x : compound surface, A i : the sum of all identified compound surfaces. Table 8 shows the semi-quantification results for each product, as well as product chemical classification. The volatile compounds identified in the acacia honey samples stemming from the three geographical areas are classified into 10 chemical subclasses: Sulphur compounds, ketones, esters, aldehydes, alcohols, nitrate compounds, aliphatic hydrocarbons, carboxylic acids, aromatic acids and ethers. From the collected data, we can see that the honey samples harvested from Zone 1 (Transylvania) are the richest in volatile compounds, as all of these compound classes are present in the samples. Keeping in mind that the number of compounds was so high, only the majorities were discussed.
Regarding the presence of acetic acid, this compound was found in samples from all three zones, but in different quantities. Acetic and butyric acids could be produced by bee metabolism [68] . This is the main compound of the honey samples, and its percentages vary between 12.26% for Zone 3, 16.64% for Zone 1 and 24.73% for Zone 2. The previous studies show that the percentage of this compound can vary between 17.32% and 36.15% for different Chilean honey types [19] , while having a percentage of 0.01% in Spanish honey [64] . We must mention that the two studies have used different extraction methods, ultrasound extraction and thermal desorption. Kadar et al. [21] have found that Romanian acacia honey has linalool oxide as the main compound, without having identified any acetic acid.
Ethanol is another important constituent of honey, all honey samples have shown a high ethanol content, especially those from Zone 2 and Zone 3, as their content reached 17.91% and 13.07%, respectively. In the case of Transylvanian honey (Zone 1), there was a relatively low ethanol content found, of 4.11%. Bastos and Alves [68] issue the hypothesis that the high ethanol content is due to the presence of ferments. Ethanol was found to be a marker for lavender honey [65] . Furthermore, ethanol was found in honeys of different geographical and botanical origins [8, 9, 22, 64] .
The volatile profile found depends on the extraction method. Therefore, the fiber used shows a great affinity for compounds with low molecular mass, like ethanol or acetic acid [69] , which justifies the significant presence of all these compounds in the honey samples, from a quantitative point of view.
Another major compound was 2-propanone, present in a high concentration in Zone 3 (20.60%), as opposed to its presence in honey stemming from Zone 1 and Zone 2, where its values were 2.83% and 5.11%, respectively. Transylvanian honeys (Zone 1) have shown the lowest 2-propanone or acetone content, these differences being the result of the discrepancy between geographical, climatic and especially floral conditions. In a recent study, acetone concentration in Chilean honey was determined, according to geographical area. In the eastern part, the Zone percentage was between 1.57-17.15%, in the central area, 7.8-9.63%, and in the western zone, 5.00-13.13% [19] . Acetone is considered a marker for pine honey (Albies spp.) [68] . Additionally, acetone was found to be a major compound in acacia and rosemary monofloral honey [65] . Linalool oxide and 2-furancarboxaldehyde are usually found in the honey samples collected from Zone 2 (8.61% and 9.73). Linalool oxide is a compound of floral origin (Pherobase) and is considered to be a secondary product of linalool. Jerkovic et al. [70] determined a 2.23% concentration of this product in acacia honey, whereas in chestnut honey, the concentration was of 0.40%.
Furfural is a compound derived from furan, which is considered to be an indicator of the thermal and storage processes [64] . On the other hand, furfural was identified as being a relevant compound in unifloral lime tree, lavender and acacia honey [65] . Furfural is present in all regions with an area percentage of 9.73% for Zone 2, 7.26% for Zone 1 and 5.24% for Zone 3. Radovic et al. [71] established furfural as being a marker for rape honey. These volatile compounds, furfural and 5-methyl-furfural were identified in fresh citrus honey. Moreover, the evolution of the concentration of these compounds was observed and it intensified during storage and temperature increase from 10 to 40 • C [64] . The mild heating of the samples during the SPME analysis recommended for the improvement of the extraction result and the reduction of the balance time, may be responsible for some of these compounds [72] . We can also observe a higher benzaldehyde content, especially in Zone 1 honey (7.23%), as compared to the one in Zone 2 (3.89%) and Zone 3 (4.68%). Benzaldehyde was identified as being a relevant compound in lavender, acacia and rosemary honey [65, 72] . Yang et al. [73] identified benzaldehyde as being a volatile marker in Corsican chestnut honey with a 10.8% concentration. Furthermore, we can also note the presence of benzeneethanol in significant amounts in the case of the honey samples from Zone 2 (3.58%), Zone 1 (2.78%) and Zone 3 (2.37%). Benzenethanol and benzoic acid were identified as rape honey markers [74] .
Alcohols constitute an important part of Romanian honey samples reaching values of 28.35% in Zone 3, 23.87% in Zone 2, 19.13% in Zone 1. The alcohols present in all the zones were ethanol, 2-propanol, 2-methyl-3-butene-2-ol, isoamyl alcohol, 3-methyl-3-butene-1-ol, 2-methyl-2-butene-1-ol, cis-3-hexen-1-ol, 2-ethyl-1-hexanol, linalool, hotrienol, alfa-terpienol, benzeneethanol, benzenemethanol, phenol. Among the identified alcohols, ethanol, benzeneethanol, 3-methyl-3-butene-1-ol proved to have the highest area percentage of all the analyzed samples (Table 8) .
Alcohols represent important markers of honey; alcohols, such as 3-methyl-3-butene-1-ol and 2-methyl-2-butene-1-ol were described as adding a fresh aroma, their presence in honey being associated with different floral origins [64] . Ethanol, 2-methyl-propanol and 3-methyl-3-butene-1-ol were described as being very important compounds in monofloral lavender honey [65] . The identification of 3-methyl-3-butene-1-ol was also associated with monofloral rosemary honey [75] .
As far as aldehydes are concerned, it can be observed that the honey samples from Zone 1 present the highest concentration, 27.63%, followed by the ones from Zone 2 with a 22.34% concentration. The samples in Zone 3 have a relative aldehyde concentration of 13.43%. The aldehydes identified in the samples from all the three production areas are: 3-methyl-butanal, heptanal, 3-methyl-2-butanal, nonanal, furfural, decanal, benzaldehyde, lilac aldehyde, 5-methyl-2-furancarboxaldehyde, acetaldehyde and 3-phenylfenil-propenal. Plutowska et al. [76] have established hexanal as a specific marker for the acacia honey produced in Poland, while methyl butanol and lilac aldehyde proved to be a specific marker for the Polish honeydew honey. The following substances from the aldehyde group were also identified in the composition of these honeys: hexanal, nonanal, decanal, acetaldehyde and lilac aldehydes.
Ketones, sulfur compounds, esters and aliphatic hydrocarbons were also identified in small amounts, but none of them could be considered markers for acacia honey.
As other studies presented the idea that minor compounds also influence honey flavor, the table was organized in order to summarize the specific aromas of all the identified volatile compounds. Thus, it can be observed that the honey aroma is very complex and depends on the specific flora of each production zone, but also on the compounds secreted by the bees or on the transformations that occur during storage.
Conclusions
In accordance with the motivation and the objectives proposed, the quality indices and the biomarkers specific to acacia honey were established. However, pure acacia honey represents only a low percentage of the total honey production, as the majority of honeys have a varied composition of nectar or honeydew, being thus considered polyfloral honeys. Therefore, distinguishing monofloral honeys from polyfloral honeys is a significant challenge that involves assessing the botanical origin of honey and its correct labelling. Volatile compounds can be useful in classifying acacia honeys, but they are insufficient in order to distinguish between the samples produced in different areas. As such, the use of multiple volatile compounds is recommended, which will constitute the volatile fingerprint of a certain area, so that the results are less susceptible to the variation of individual components.
Many consumers seek for products with special aromas, specific to production zones. In conclusion, consumer affinity for the special aroma of the acacia honey, which have an important nutritional value, being recommended in small amounts even for diabetes patients [77] , is legitimate and this study aims at scientifically explaining the fact that honey flavor is influenced by its origin.
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